The protein shell surrounding viral DNA, known as the viral capsid, performs a variety of useful functions, including protection of the viral genome contained within and recognition of target cells through binding to membrane receptors. Here, researchers from China and the UK report a novel self-assembly approach to generate nanotubes from viral capsid proteins for applications in biotechnology.^[@CR1]^

Xu and colleagues used recombinant DNA technology to express viral capsid proteins of the cucumber mosaic virus from E. coli bacteria. The resulting densely packed misfolded protein particles were separated, purified and solubilised using urea. The proteins---denatured by the urea---were refolded and then mixed with double-stranded DNA.Fig. 1: Assembling capsid proteins a) Schematic showing potential geometrical ordering of capsid proteins (shown in blue) around DNA templates (shown in red) b) TEM image of stained capsid protein nanotubes (taken from Fig. 1 and 2 of Ref. 1)

Transmission electron microscopy of stained and dried DNA/protein solutions revealed the formation of nanometer scale tubular structures. Circular dichroism spectroscopy showed strong interactions between the DNA and the capsid proteins, while separate experiments using fluorescently labelled DNA as a template revealed that the fluorophores were buried within the capsid protein nanotube. These experiments showed DNA strands to act as templates with the capsid proteins assembling around them. Intriguingly, the diameter of the tubes remained the same, irrespective of the length of the DNA template, suggesting that the diameter was determined by the properties of the proteins and contained similar numbers of assembled DNA strands.

The authors say that while they state that the capsid proteins could organize into helical assemblies or stacked rings, more recent experiments have shown that both assemblies are generated.

The capsid proteins have a peptide domain, which has been demonstrated to play a role in cellular uptake of viruses, suggesting that these proteins could be agents to deliver useful molecules into cells. For example, Xu and colleagues showed that nanotubes could template around DNA fragments of SARS-CoV, and so might be useful as delivery vehicles for RNA-I based therapies.

The cucumber mosaic virus has the broadest range of hosts and infects more than 1000 species of plants causing huge economic losses for many crops worldwide. This investigation reveals ways in which this damaging virus could find constructive applications in creating functional structures with potential biomedical applications.
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